The process e + e − → K + K − J/ψ is observed for the first time via initial state radiation. The cross section of e + e − → K + K − J/ψ for center-of-mass energies between threshold and 6.0 GeV is measured using 673 fb −1 of data collected with the Belle detector on and off the Υ(4S) resonance.
The study of charmonium states via initial state radiation (ISR) at the B-factories has proven to be very fruitful. In the process e + e − → γ ISR π + π − J/ψ, the BaBar Collaboration observed the Y (4260) [1] . This structure was also observed by the CLEO [2] and Belle Collaborations [3] with the same technique; moreover, there is a broad structure near 4.05 GeV/c 2 in the Belle data. In a subsequent search for the Y (4260) in the e + e − → γ ISR π + π − ψ(2S)
process, BaBar found a structure at around 4.32 GeV/c 2 [4] , while the Belle Collaboration observed two resonant structures at 4.36 GeV/c 2 and 4.66 GeV/c 2 [5] . Recently, CLEO collected 13.2 pb −1 of data at √ s = 4.26 GeV and investigated 16 decay modes with charmonium or light hadrons [6] . The large e + e − → π + π − J/ψ cross section at this energy is confirmed. In addition, there is also evidence for K + K − J/ψ (3.7σ) based on three events observed. Further investigation on the process e + e − → K + K − J/ψ will shed light on the understanding of the Y (4260) and the other vector charmonium states.
In this Letter, we use a 673 fb −1 data sample collected near the Υ(4S) with the Belle detector [7] operating at the KEKB asymmetric-energy e + e − (3.5 on 8 GeV) collider [8] to investigate the K + K − J/ψ final state produced via ISR. About 90% of the data were collected at the Υ(4S) resonance ( √ s = 10.58 GeV), and the rest were taken at a center-ofmass (CM) energy that is 60 MeV below the Υ(4S) peak.
We use PHOKHARA [9] that was validated in previous analysis [3] to generate signal events. In the generator, one or two photons are allowed to be emitted before forming the resonance X, then X decays into K + K − J/ψ with J/ψ decays into e + e − or µ + µ − . When generating the MC sample, the mass of the X is fixed to a certain value while the width is set to zero. In X → K + K − J/ψ, a pure S-wave between the K + K − system and the J/ψ, as well as between the K + and K − is assumed. The invariant mass of the
is generated according to phase space. To estimate the model uncertainty, we also generate events with
i.e.,
We select candidate events with criteria similar to those used for the analysis of e + e − → π + π − J/ψ [3] . We require the number of charged tracks to be four with a zero net charge.
For these tracks, the impact parameters perpendicular to and along the beam direction with respect to the interaction point are required to be less than 0.5 and 4 cm, respectively, and the transverse momentum is restricted to be higher than 0.1 GeV/c. For each charged track, information from different detector subsystems is combined to form a likelihood for each particle species (i), 
where M 2 rec is the square of the mass that is recoiling from the four charged tracks. The M 2 rec requirement is tighter than that in our previous analyses [3, 5] as the M 2 rec resolution has improved, due to the lower momenta of the particles in K + K − J/ψ as compared to the
Clear J/ψ signals are observed in both decay modes. We define a J/ψ signal region as 3.06 GeV/c 2 < m ℓ + ℓ − < 3.14 GeV/c 2 (the bremsstrahlung photons in the e + e − final state are included, and the mass resolution is about 17 MeV/c 2 ), and J/ψ mass sidebands as We estimate the significance of the events between threshold and 6.0 GeV/c 2 by calculating the probability that the estimated number of background events in the normalized J/ψ sidebands (12.3 ± 2.0) fluctuates to the number of observed events in the J/ψ signal region (93) or more. It is found that the above probability is very small, corresponding to a statistical significance for the signal much larger than 10σ.
The e + e − → K + K − J/ψ cross section for each K + K − J/ψ mass bin is computed with
where n obs i , n bkg i , ε i , and L i are the number of events observed in data, the number of background events from a fit to the J/ψ sideband events, the efficiency, and the effective There are a few sources of systematic errors for the cross section measurement. The particle ID uncertainty, measured using the same method as in Ref. [3] with pure track samples, is 4%; the uncertainty in the tracking efficiency for tracks with angles and momenta characteristic of signal events is about 1%/track, and is additive; efficiency uncertainties associated with the J/ψ mass and M 2 rec requirements are also determined from a study of the very pure e + e − → ψ(2S) → π + π − J/ψ event sample. In this study we find that the detection efficiency is lower than that inferred from the MC simulation by (2.5 ± 0.4)% relatively. A correction factor is applied to the final results and 0.4% is included in the systematic error.
Belle measures the luminosity with a precision of 1.4%, and the uncertainty of the ISR photon radiator is 0.1% [13] . The main uncertainty in the PHOKHARA generator due to the modelling of the K + K − mass spectrum. Figure 4 shows the K + K − invariant mass versus K + K − J/ψ invariant mass, as well as the projection on the K + K − invariant mass for events in the J/ψ signal region. The K + K − invariant mass tends to be large and close to the phase space boundary, with an accumulation of events at 1.2 GeV/c 2 and 1.7 GeV/c 2 . Simulations with modified K + K − invariant mass distributions yield efficiencies that are higher by 2-5% for different K + K − J/ψ masses. This is not corrected for in the analysis, but is taken as the systematic error (conservatively estimated as 5%) for all with an uncertainty that is smaller than 1%. From Ref. [15] , the uncertainty on the world
, determined by linearly adding the errors for the e + e − and µ + µ − modes, is 1%. Finally, the MC statistical error on the efficiency is 1.5%. These errors are summarized in Table I . Assuming that all the sources are independent and adding them in quadrature, we obtain a total systematic error on the cross section of 10%. 
Background estimation 6
Trigger efficiency 1
Branching fractions 1 MC statistics 1.5
Sum in quadrature 10
An unbinned maximum likelihood fit is applied to the K + K − J/ψ mass spectrum in Fig. 1 . Here the theoretical shape is multiplied by the efficiency and effective luminosity, which are functions of the K + K − J/ψ invariant mass. The Breit-Wigner function for a spin one resonance decaying into final state f with mass (M), total width (Γ tot ) and partial width to e + e − (Γ e + e − ) is
where B(R → f ) is the branching fraction of the resonance to final state f , and P S( √ s) is the three-body decay phase space factor for This is small compared to the widths of the resonances in our study and is neglected.
We fit the K + K − J/ψ invariant mass spectrum with one Breit-Wigner plus a background term. The latter is a second-order polynomial that is fit to the scaled sideband data. The dashed curve in Fig. 1 shows the fit results. The resonance parameters are
where the errors are statistical only. Although the peak mass is close to the ψ(4415), Γ tot is larger than its world average of 62 ± 20 MeV/c 2 [15] . To determine the goodness of fit, we bin the data so that the minimum expected number of events in a bin is at least seven and In summary, the process e + e − → K + K − J/ψ is observed and the cross section is measured for the CM energy between threshold and 6.0 GeV. There is one very broad structure; fits using either a single Breit-Wigner function, or a ψ(4415) plus a second Breit-Wigner function yield resonance parameters that are very different from those of the excited ψ states currently listed in Refs. [15, 18] . We observe two events near the Y (4260) mass, with a cross section consistent with the CLEO measurement [6] at √ s = 4.26 GeV within the large errors. We We thank the KEKB group for excellent operation of the accelerator, the KEK cryogenics group for efficient solenoid operations, and the KEK computer group and the NII for valuable computing and Super-SINET network support. We acknowledge support from
